The Probe Algorithm with Information Map: A New Dynamic Method for Correlation Analysis  by Liu, Yehong et al.
 Procedia Computer Science  17 ( 2013 )  1276 – 1282 
1877-0509 © 2013 The Authors. Published by Elsevier B.V.
Selection and peer-review under responsibility of the organizers of the 2013 International Conference on Information Technology and Quantitative 
Management 
doi: 10.1016/j.procs.2013.05.162 
Information Technology and Quantitative Management (ITQM2013)
The Probe Algorithm with Information Map: a new dynamic
method for correlation analysis
Yehong Liua, Xiaoying Huanga, Kun Guob,*
aChina University of Political Science and Law Beijing, 102249, China;
bResearch Centre on Fictitious Economy & Data Science, CAS ,Beijing,100190,China
Abstract
A time lag effect cannot be ignored while information spreading in one market or between some related markets. This effect
makes the market price of the associated time series have similar fluctuations. The former methods like VAR model,
Copula Function and so on can propose the entity relationship between two time series for a certain period, however, the 
relationship may be changing all the time. In order to solve this problem in a dynamic view, a "Probe Algorithm" with 
Information Map is proposed in this paper. Empirical analysis using stock market data is also given, and the results show 
that, in both macro and micro levels, Probe Algorithm can effectively improve the reliability of the correlation analysis.
Moreover, using the Information Map, the evolution paths of the relationship can be figured out clearly.
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1. Introduction
With the acceleration of the integration of the world economy and the development of the global information
technology, the cost of information transmission has been greatly reduced; meanwhile, the links between 
different sections of the financial market has become much closer. Therefore, the movement pattern and 
information spillovers of financial markets became increasingly palpable. The analysis of the information 
overflow is becoming very important.
For correlation analysis, the conventional method can only shows the degree of correlation between the 
random variables. These methods all have some limitations. For example, Pearson correlation coefficient can 
only reflect the linear correlation between the variables, and cannot accurately grasp the nonlinear relationship
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[1-2]. The Spearman coefficient and Gini correlation coefficient also showed their shortcomings when grasping 
the correlation structure of a system. A better approach is Copula function method proposed by Sklar [3]. In 
mathematic view, it is used to describe the correlation between the random variables. Sklar pointed out that any 
continuous joint distribution function can be decomposed into a Copula function and several marginal 
distributions. Copula function is able to clearly describe the correlation mode between the random variables. 
This method has great flexibility and a very wide field of application. Since twenty-first Century, research on 
Copula theory and its application field has been rapid developed rapidly. Especially in the field of financial 
theory, Copula analysis has become a powerful tool [4-7]. Granger causality test is always used to deal with 
time-varying information spillover. Granger proposed Granger causality test in 1969 [8-9], its core idea is: for 
two random variables X, Y, on what level can the  hysteretic value of x explain or express the variable Y. If the 
introduce of the hysteresis value of X can significantly improve the prediction accuracy of Y, we say there is a 
Granger causal relationship between X and Y. A large number of economists have studied the application value 
of these methods in the economic and financial field [10]. Some studies show that, however, these methods 
often got a false causal relationship when dealing with non-stationary time series [11-12]. This limitation shows 
that the Granger causality analysis have some defects in the financial time series analysis. The shortcoming of 
Granger causality analysis method is also reflected in, although it can calculate relevance, the relevance is only 
qualitative, not quantitative. In the financial markets, the causal relationship is a very common phenomenon, 
and thus, the quantitative description is much more important. The Vector Auto Regressive (VAR) model 
established by Sims is a flexible, easy to use multivariate time series analysis model. Sims combines the VAR 
and Granger causality test together. Some empirical analysis results have shown that it has a good application 
prospect in the prediction of dynamic model in economics, and financial time series [13-15].  
 In recent years, the financial field has a higher requirement for the data mining algorithms. Mining the 
market information flow from the time series can greatly improve the effects on financial prediction. To 
evaluate the correlation between the markets, traditional methods can only give a general prediction of 
causality analysis, but not able to found those information hidden in the time series. On this occasion, this 
paper proposed a "Probe Algorithm" with Information Map to investigate the dynamic correlation of time series, 
as well as the dynamic spillover effects of financial variables between financial markets. Probe Algorithm is 
essentially a mode comparison algorithm which spanning over the time. It can grasp correlation characteristics 
between two time series in the "micro time span". And this method has good applicability in different time span, 
or economic system in different scales. On the basis of the Probe Algorithm, Information Map is also proposed 
to show the evolution paths of the relationship more clearly. 
In the section 2, details of Probe Algorithm and Information Map will be introduced in the second part; then 
an empirical analysis using stock market data is employed in the third part. Finally, some conclusions are given 
in Section 4. 
2. Probe Algorithm with Information Map 
2.1. Data preprocessing 
The first step is "pretreatment time alignment". Here, data is sear . Suppose the 
worked data has a length of L. In order to clearly reflect the movements in stock returns. data X, Y is worked 
by the first-order differential operation. After that, the consequences are stored back into the vector X, Y. The 
difference of the array X and Y need to be standardized. Refer to Z-score standardize method, namely 
New_data= (raw_data-average) / (standard deviation). We then store back the New_data to X, Y. In vector X, 
Y ,we select a sequence (X or Y) as the source of probe, assume X as probe-source sequence, Y as samples to 
be tested. Set the length of a probe P, then start to pick up probe from start end of X , by a unit step, to the final 
end of the X, a total probes with the amount of (L-P ). Remember the left end coordinate of the probe as probl, 
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the right end coordinates as probr ( this coordinates are relative to the sequence X ) , probr=probl+P. Use 
TANZHENL to describe the probe whose left end is probl. 
2.2. Correlation analysis 
Set the detection interval parameter multiplier for each probe as m, for each TANZHENL, the "detection 
interval" is set in the span with a center of the middle of the probe, namely [probl-m*P, probr+m*P]. 
The reason for this step is that in a micro subsystem of an economy, information flow caused by the 
relatively use little time to transfer. For those consequences with much bigger time differences, Even if there is 
an occasional occurrence of "correlation", one can also deny this correlation is the result caused by the same 
information. Therefore, we designated "detection interval", on control of scanning probe radius. 
 Probe TANZHENL scan the corresponding interval, starting from one end of the interval, with a data unit 
step, to the other end. Each scan is a data comparison. Correlation coefficients are calculated for TANZHENL 
and the corresponding interval data segment. Each time a probe compare with (m-1) *P data. From all these 
data a best consequence is returned in an "optimal correlation coefficient", say, Max, and a corresponding "the 
best matching point", say, Match.  
correlation coefficient function can be carried on here in the Probe method. In order to facilitate the 
understanding, here we use the Pearson correlation coefficient as an example. 
2.3. Generation of Information Map 
Create a zero matrix in the size of L*L, as the map matrix. Accumulate all the absolute values of the correlation 
coefficients calculated from the scanning process and add them to the corresponding square regions with a 
coordinate as [probl, probr]*[y, y+P], while y=1... ( L-P ). This algorithm is equivalent to the definition of a 
potential function. By mapping potential function, describing the contour, we can obtain "Information Map".  
As shown in the Figure 1, take the data of British and French stock market in the year 2000 for example, the 
vertical axis represents the British stock index, the horizontal axis represents the French stock index. According 
to the numerical distribution of the potential function, warm color (especially in red) represents the strong 
correlation; cold colors (especially in blue) represent the weak correlation. From this map, it is obvious that 
different colors are mutually staggered distributed; further, numerical distribution also shows the continuity of 
the potential function. 
Fig. 1. An example of Information Map 
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3. Empirical analysis 
3.1. Data selection 
In order to prove the efficiency of our Probe algorithm, the empirical analysis is given using two groups data 
set as follows: 
Group 1 includes price series of two single stocks in China stock market, which belong to the same industry: 
Air China (601111) and China Eastern Airlines (601115). The daily data of all trading days from January 4th to 
December 30th, 2011 is used. 
Group 2 includes index price series of two countries, Britain and France. We also use daily data in the year 
of 2002, 2007 and 2008 as examples. 
3.2. Empirical results of group 1  
As shown in Figure 2, after the running of the algorithm, we obtain the distribution of the "best match" 
correlation coefficient. As can be seen in figure, correlation coefficient mainly distributed in the interval 
~ There is an increase distribution in the interval ~ . This distribution point out that the two 
time series is not always correlated, but related in some specific micro time intervals.  
 
Fig. 2. Best match correlation coefficient distribution                                        Fig. 3. Time difference distribution 
In Figure 3, time axis represents the time difference, the vertical axis represents the frequency. Overall, the 
data showed a normal distribution. The data is concentrated in the ra -10
time difference  in the span of -10~ hat the time used for information flow 
in different time series obeys normal distribution. 
  
Fig. 4. Best match distribution                                              Fig. 5. Information map for microscopic analysis 
As shown in Figure 4, the horizontal axis represents the probe source, while the vertical axis represents the 
time series to be scanned. The coordinate of each point, (i, j), indicates that TANZHENL whose left 
coordinates is i matched with the series scanned whose coordinate is j. As can be seen from the diagram, 
splashes distribute around the line y = x. The nearer the distance of a scatter is from the line, the better the 
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continuity of the distribution of the splashes shows. Splashes on the horizontal axis represent the unused data in 
the probe method (data near the end of the time series s deletion is necessary, because the 
measurement steps of these splashes are not consistent with other ordinary splashes. 
From the point of view of the matching map, most of the splashes are arranged in straight line, these rows are 
parallel with the line y = x. This proves the existence of market information transfer in those two stocks. As the 
market information has similar effects but different time when getting into the market, it produced a "constant 
effect on time difference". In addition, where the splashes become more dense and nearer to the central line y=x, 
there has a longer "constant effect on time difference".  This character is consistent with our knowledge about 
market. Market information has different "energy", important information has more extensive influence and 
longer length of time of effect. For distribution at the edge of the splashes, although there is a characteristic of 
linear arrangement, the effect is weak, the continuity is not strong. It represents those information with small 
"energy", narrower, not easy to be found by the shareholders. So, when the stock of A reflects some certain 
information, B shares cannot be timely reflected. 
The Information Map is shown in the figure5. The vertical axis represents the price time series of China 
Eastern Airlines and the horizontal axis represents price time series of China air. It can be found that the red 
areas are mainly distributed near the line y=x. Although there are some regional distribution in the other 
position, but the distribution shows no fixed rule. 
Consequently, in the microcosmic economy subsystem, model inversion does exist, but the inversion cycle is 
not stable. The main reason is, model inversion of the micro subsystem is affected by many factors both in 
macro and micro economy. Therefore, when doing analysis in the micro subsystem, using time difference 
analysis can be more intuitive in finding information flow effect. 
3.3. Empirical results of group 2  
As shown in Figure6, using the 2002 British and French stock data, the distribution becomes more focused on 
the time difference. It is difficult to judge the direction of information flow and the average time difference 
from the figure.  
     
Fig. 6. Time difference distribution for macroscopical analysis        Fig. 7. best match distribution for macroscopical analysis 
In Figure 7, it can be found that the time difference has been shortened along the central line, the distance 
from the splashes to the line are very close. Although we can get some local information flow, but the 
continuity of this time difference is not significant, basically all is fleeting. 
The Information Map using the data of 2002 is shown in Figure 8. We can see the red areas exist side by side 
with a regular distribution. This is not a feature of general, but caused by the movement characteristics of the 
economic system. Consider any row of red area arrangement. The characteristics of the distribution shows, for 
a movement mode in Britain stock index at a specific time interval, the French stock index has a series of 
discrete time intervals to match with. For this is not a repeat of the pattern in a stock itself, it can be understood 
as the inversion of the whole economic system. 







1281 Yehong Liu et al.  /  Procedia Computer Science  17 ( 2013 )  1276 – 1282 
 
Fig. 8. Information map (2002)                     Fig. 9. Information map (2007)                        Fig. 10. Information map (2008)    
As shown in Figure 9, in the Information Map of the year 2007, we can clearly see the distribution 
characteristics of the analysis above. The difference is, the red areas seem to expand and become more obvious 
in the direction of time. This means, not only economic has inversed, the effect of inverse has becoming more 
and more obvious. This can be called "amplification effect". As is known to all, 2007 is just before the financial 
crisis, in a stage of economic prosperity. It is not difficult to understand, at the brink of collapse of the 
economic system, some patterns of inverse has been amplified. It is caused by the irrational characteristics of 
the capital market speculators who are in overly optimistic mood, blindly comparing what s happening with the 
historical time series, and consider the history as an inverse that will happen in the future. The group effect 
further trigger the "amplification effect". 
The Information Map of 2009 is shown in Figure10. In 2008, the United States sub-prime crisis triggered the 
global financial crisis. It can be seen from the graph, in addition to more concentrated red area at the beginning 
of the year, the figure  correlation. It means that, in the wake of the financial crisis, the 
correlation of the financial system and effects of model inversion were greatly reduced. The reason is, in the 
context of the financial crisis, there are fewer investors who have a willing to refer to historical data in 
predicting the time series going on. So the probability of group behavior which used to be caused by the same 
expectation was greatly reduced. This also reduced the chance of model inversion.  
Analysis in other years also shows that, in the case of the economic crisis, pattern inverse is often short, 
transient. These inverses may be caused by some government behavior such as fiscal policy and monetary 
policy. However, the pessimistic expectation may urge the investors to consider the policy as a short-term 
arbitrage opportunity. 
While the time differences between different time series are difficult to grasp, the model inversion is a 
common phenomenon which has a close relationship with the background of economic environment. So when 
it comes to the analysis of macroeconomic system, map information has a better performance. 
4. Conclusion 
Probe algorithm, is essentially a subsystem model analysis in the span of time. For the micro subsystem, such 
as the correlation between two stocks in China stock market, we need to control the maximum of time 
difference to ensure authenticity of the information detection. Thus, we use time differences distribution and 
best match distribution to show the correlation of the subsystem. For the subsystem in the macroscopic, such as 
the correlation of different national stock index, the time differences for the information flow is usually very 
short and difficult to grasp. Pattern inversion is often occurred in a larger time span. So we use the information 
map to obtain more reliable results.  
For patterns of the movement of the economic system, some conclusions are also obtained in our empirical 
analysis. First of all, in the microscopic, it has been proved that the correlations between different stocks does 
exist, but in discrete time intervals, not in every time intervals. It is the correlations in discrete time intervals 
that cause the correlations on the whole in traditional analysis. Our data analysis also shows the distinction of 
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is more obvious, 
information. Secondly, in the macro economy, under normal circumstances, investors who have similar 
expectation of the future are expected to cause the model inversion. But in the context of the economic crisis, 
as different investors have different attitude toward the market, the probability of model inversion is sharply 
reduced. The time span for single model inversion is shortened. This is very important because it means that we 
can make predictions of financial crisis through the examination of model inversion of the economy. When 
there is a strong "amplification effect" in the economy we should be watch out for what is going on in the 
market. 
All in all, those experiments based on the Probe algorithm so far have already shown the strong power of 
this algorithm. What we are going to do next is trying to find some formulation in the time series which can 
show more specific relationship between different stocks in microscopic or different economies in macroscopic.  
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